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(sy Tumor therapy with biologically active anti-tumor antibodies. 

© A method for identifying and using antibodies which are * 
directed against tumor-associated glycolipid antigens and 
which are capable of activating serum complement or anti- 
body dependent cellular cytotoxicity. These antibodies find 
use in the therapy of tumors. Administration of the antibodies 
results in lysis of the tumor cells in vivo. 
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TUNOR THERAPY WITH BIOLOGICALLY ACTIVE ANT I -TIMOR ANTIBODIES 



FIELD OF THE INVENTION 
The present invention involves antibodies that are 
(a) directed against glycolipid antigens on the surface of 
tumor cells, and (b) capable of activating complement and/or 
mediating an antibody-dependent cellular cytotoxicity 
5 resulting in the lysis of the tumor cells to which the 

antibodies bind. The antibodies of the present invention can 
be used in the tre?. tmant of tumors. 
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2. BACKGROUND OF THE INVENTION 

2.1. TUMOR CELL ANTIGENS AND ANTI-TUMOR ANTIBODIES 
Tumor cells express certain antigens which are absent 
5 from, or present in small amounts on, their normal cellular 
counterparts. Most of these are differentiation antigens, 
shared by the tumor and certain embryonic cells. Some ot the 
antigens that appear with sufficient selectivity in tumors 
may serve as possible targets for therapeutic agents. This 
10 has been recently. rev iewed for malignant melanoma, which is 
one of- the human tumors most studied in .thi s -.respect- ; 
(Hellstrom and Hellstrom, in Accomplishments .in .Cancer 
Research-194 Prize Year, General Motors" "Cantor Research 
Foundation, J.G. Fortner & J ."Er'Rhoads , eds., J . B.™Ti'ppi"nco"tt 
15 Company, Philadelphia 1985, p 216-240, as well as for other 
tumors (Burchell and Taylor-Papadimitriou, rn R.W. Baldwin 
and V.S. Byers, eds., Monoclonal Ant ibod'ie s~f o r - ' T u m o r 
Detection and Drug Targeting, Academic Press ,.:.i.9S5 , pp. 1-15; 
Kemshead, ibid , pp. 281-302). 
20 Many antibodies have been made to cell surface antigens 

that are expressed in greater quantities— by ~human-tumor-s than 
by normal tissues. It has also been well established that 
antibodies to cell surface antigens can be cytotoxic to tumor 
cells in the presence of complement (Hellstrom et al., 1962, 
25 Progr. Allergy 9: 158-245), and that some antibodies can 
mediate antibody-dependent cellular cytotoxicity* (Petlmarm, 
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et al., 1969, Adv. Immunol . 11: 117-193; MacLennan et al . f 
1969, Immunol. 17: 897-910; Skurzak et al., 1972, J ♦ Exp. 
Med, 135: 997-1002; Pollack et al . , 1972, Int. J.^ Cancer, 9: 
316-323). In the first case, an appropriate source of 
complement (generally rabbit or guinea pig) , and in the 
latter case a source of effector cells (generally of mouse 
origin) is needed. 

The evidence that antibodies to tumor-associated 
antigens can kill human tumor cells in the presence of human 
effector cells is more recent (Hellstrom et al., 1981, Int. 
J« Cancer 27: 281-285; as is the evidence that antibodies to 
such antigens can kill tumor cells. in the presence of human 
serum as a source of complement (Hetistrom et al— , 1985, 
Proc. Natl. Acad. Sci . 82: - 1499-1502; -Hellstrom - et al., 1985, 
Monoclonal Antibodies and Cancer Therapy, USCLA Symposia on 
Molecular and Cellular Biology, Vol. 27, pp. 149-164 Alan R. 
Liss, Inc., NY). .v. — — — 

2.3. THERAPEUTIC USES" OF ANTI-TUMOR 
ANTIBODIES AS CARRIERS OF 
RADIOISOTOPES, TOXINS OR DRUGS . 

Attractive approaches f or- pr-epari-ng-ant-i— cancer agents 

involve labeling antibodies with radioactive isotopes (Larson 

et al., 1983, J. Clin. Invest. 72: 2101-2114; Order, 1984, 

Compr. Ther. 10: 9-18; Carrasquillo et al . , 1984, Cancer 

Treatment Reports 68: 317-328; de Nardo et al . 1985, Int. J. 

Radiation Oncology Biol. Phys. 11: 335-34B) 7 "or conjugating 

antibodies to toxins (Jansen et al. f 1982, Immunol. Rev. 62: 

185-216; Vitetta and Uhr, 1984, Transplant. 37: 535-538) or 

anti-cancer drugs. Ghose et al., 1972,. Brit. Med. J, 3: 495-. 

499; Hurwitz et al., 1975, Cancer Res. 35: 1175-1181; Rowland 

et al., 198 5, Cancer Immunol. Immunother. 19: 1-7). The 

antibody gives the specificity and the isotope or drug 

- provid s the abil ity to destroy -the tumor^. However , a. - 

disadvantage of this approach is the fact that both anti- 
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cancer drugs and radioisotopes have a high level of toxicity 
to normal tissues. Thus, nonspecific uptake in various, 
organs such as kidney, liver, or bone-marrow could lead to 
substantial side-effects . 

3. SUMMARY OF THE INVENTION 
The present invention is related to antibodies which are 
directed to glycolipid antigens at the surface of tumor cells 
and which belong to a class of immunoglobulin capable of 
activating serum complement and/or mediating antibody 
dependent cellular cytotoxicity by human effector cells. The 
antibodies of the present invention can lyse the tumor cells 
expressing these antigens both in vitro and in vivo. 

The invention is also directed to methods for treating 
tumors in vivo using the antibodies of the present invention 
as therapeutic agents. After administration in vivo , the 
antibodies of the present invention should bind 
preferentially to the tumor cells which express the 
Jalycplipid antigen. Upon binding to the tumor cell, either 
'serum complement will be activated or antibody dependent 
cellular cytotoxity will be mediated resulting in lysis of 
the tumor cells. 

The" method of the present invention offers several 

advantages over techniques which involve the use of 
antibody-conjugates, because radioisotopes and/or toxins, 
which may exhibit a high level of toxicity to normal tissues, 
are not required. Moreover, nonspecific uptake of the 
unmodified antibody molecules of the present invention by 
normal tissues should result in minimizing side-effects of 
the therapy . 
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3.1. DEFINITIONS 
The terras listed below will have the meanings indicated: 
ADCC « antibody dependent cellular cytotoxicity 

4 « DETAILED DESCRIPTION OF THE INVENTION 
The. present invention involves a method based on the use 
f antibodies which are (a) directed against tumor-associatec 
glycolipid antigens, and (b) belong to a subclass or isotype 
that is capable of mediating the lysis of tumor cells to 
which the antibody molecule binds. More specifically, these 
antibodies should belong to a subclass or isotype that, upon 
complexing with the glycolipid tumor-associated antigen, 
activates serum complement and/or mediates antibody dependent 
cellular cytotoxicity (ADCC) by activating effector cells" 

15 such as natural killer cells or macrophages. ~ 

The present invention is also directed to the use of 
these antibodies, in their native form, for therapy of human 
tumors. For example, many IgG2a and IgG3 mouse antibodies 
which identify tumor-associated cell surface glycolipid 
antigens can be used in vivo for tumor therapy, m fact, 
since many tumor-associated glycolipid antigens exist 
(Hakomori, 1984, Ann. Rev. Immunol. 2: 103-126), and some — • 
antibodies, like L6 described herein, react with a large 
spectrum of human tumors, the antibodies and their 
25 therapeutic use have general applicability. 

4.1. CHARACTERISTICS OF THE ANTIBODY 
MOLECULES' OF THE INVENTION 

Biological activity of antibodies is known to be 

determined, to a large extent, by the Fc region of the 

antibody molecule (Uanue and Benacerraf, 1984, Textbook of 

Immunology, 2nd Edition, Williams & Wilkins, Ch . 12 pp. 218- 

238). This includes their ability to activate complement and 

to mediate ant ibody-dependent cell ular cytotoxici ty ( ADCC) as 

effected by natural killer cells or macrophages. Antibodies 
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of different classes and subclasses differ in this respect, 
and, according to the present invention, antibodies of those 
classes having the desired biological activity should be 
selected. For example, mouse immunoglobulins of the lgG3 and 
IgG2a class are capable of activating serum complement upon 
binding to the target cells which express the cognate 
antigen . 

In general, antibodies of the IgG2a and IgG3 subclass 
and occasionally igGl can mediate ADCC, and antibodies of the 
IgG3, IgG2a and igM subclasses bind and activate serum 
complement. Complement activation generally requires the 
binding of at least two IgG molecules in close- proximirty on 
the target cell. However, the binding of only one IgM - 
molecule activates serum complement." —~= 

The present invention is based , In "part , upon the ~~ 
discovery. that the effectiveness of tumor cell lysis mediated 
by a particular antibody subclass varies depending upon the 
type of tumor antigen against which the anri body^is directed. 
For example,. we have identified several mouse IgG 3 and IgG2a 
antibodies directed against tumor cell surface glycolipid 
antigens which can mediate the killing of the human tumor 
cells in the presence of either human- senim-as--a— soarce - of 
complement or human lymphocytes as a source of effector 
cells. By contrast, antibodies of the same subclass which 
are directed against protein antigens on the same tumor cells 
are ineffective. 

The ability of any particular antibody to ..med"iate~l"ysis 
of the tumor cell target by complement activation and/or ADCC 
can be assayed using the test systems described in the 
examples herein. Accordingly, the tumor cells- of interest - - 
can be grown and labeled in vitro ; the antibody is added to 
the tumor cell culture in combination with either serum 
complement or with lymphocytes which may be activated by the 
antigen antibody complexes. Cytolysis of -the target tumor - ^ 
cells is detected by the release of label from the lysed 
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cells. In fact, antibodies can be screened using the 
patient's own serum as a sourc of con.plen.en-. and/or 
lymphocytes. The antibody that is capable of activating 
complement or mediating ADCC in the in vitro test can then be 
used therapeutically in that particular patient. 

Antibodies of virtually any origin can be used according 
to the present invention provided they define a tumor- 
associated glycolipid antigen and can activate complement or 
mediate ADCC. Monoclonal antibodies offer the advantage of a 
continuous, ample supply. m fact, by immunizing mice with 
tumor-associated glycolipid antigens establishing hybridomas 
making antibodies to such antigens and selecting hybridomas 
making antibodies which can lyse tumor cells in the presence 
of human complement, using„procedures similar to those 
described "herein," it should be. possible to rapidly establish 
a panel of antriirodi^capable of reacting with and lysing a 

large variety- of human tumors .- 

While the invention is demonstrated using mouse 
monoclonal antibodies, the invention is not so limited; in 
fact, human ant ibod-i-es-. -may be used and may prove to be 
preferable. Such ■antibodies "can be obtained by using human 
hybridomas (Cote et al., 1983, Proc . Natl. Acad. Sci, 80: 
2026-2030) or by " transforming human B cells with EBV virus in 
vitro (Cole et al . , ,.1.985 f _,in^^Monoclonal Antibodies and 
Cancer Therapy, Alan R. Liss, pp. 77-96). In fact, according 
to the invention, techniques recently developed for the 
production of "chimeric antibodies" (Morrison et al., 1984, 
Proc. Natl. Acad. Sci, 81: 6851-6855; Neuberger et al., 
1984 , Nature 312: .604-608;- Takeda et al., 1985, Nature 314: 
452-454) by splicing the genes from a mouse antibody molecule 
of appropriate antigen; specificity together with genes from a 
human antibody molecule of appropriate biological activity 
(such as_ ability to. activate human complement and mediate 
ADCC) can be used; such antibodies are within the scope of 
this invention, as long as they specify cell surface - 
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glycolipid antigens and can mediate ADCC with human effector 
cells and/or activate human complement. 

4.2. THERAPEUTIC USES OF THE ANTIBODIES 
5 The methods of the present invention can be used to 

apply antibodies for the therapy of tumors by administering 
the native antibody in an amount sufficient to cause 
reduction of the tumor by lysis of the tumor cells whether 
the mechanism be complement activated lysis or ADCC. 

10 The selection of an antibody subclass for therapy will 

depend upon the nature of the tumor antigen. For eample, an 
IgM may be preferred in situations where the glycolipid 
antigen i.s highly; specif ic for the tumor target and rareiy 
occurs on normal.. cells . However, where the tumor-associated 

15 antigen 'is also expressed in normal tissues, albeit at much 
" - "lower" levels", "tfie igG "subclass may be preferred for the 
following reason: since the binding of at least two IgG 
molecules in close proximity is required to activate 
c omp Te men t : 7- : 1 e s s complement mediated damage may occur in the 

2 0 normal .tissues which express smaller amounts of the antigen 
and, therefore, bind fewer IgG antibody molecules. 
Furthermore, IgG molecules by being smaller may be more able 
-thaja_IgM -molecules -to localize to tumor tissue. 

There is evidence that complement activation in vivo 

25 leads to a variety of biological effects, including the 

induction of an inflammatory response and the activation of 
macrophages (Unanue and Benecerraf, 1984, Textbook of 
Immunology, -2nd- Edition, Williams & Wilkins, Ch . 12 pp. 218- 
238). Tumor cells are more sensitive to a cytolytic effect 

30 of activated macrophages than are normal cells (Fidler and 
Poste, 1982, Springer Semin. Immunopathol . 5: 161-174. The 
increased vasodilation accompanying inflammation may increase 
the ability of various anti-cancer agents, such as 
chemotherapeutic drugs, radiolabeled antibodies etc., to 
"35" " locali2e in tumors . "There fore," ant i g e n-~a n t i bod y" c omb i n a t ion s 
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of the type specified by this invention can be used 
therapeutically in many ways and .ay circumvent many of the 
problems normally caused by the heterogeneity of tumor cell ' 
populations (since antigen negative cells can also be killed 
5 using the approach of this invention). Additionally, 
purified glycolipid antigens (Hakomori, 1984, Ann. Rev. 
Immunol 2: 103-126, or ant i- id iotypic antibodies (Nepom et 
a ?r0 c. Natl. Acad. Sci. 81: 2864-2867; Koprowski et 

al., 1984, Proc. Natl, Acad. Sci. 81: 216-219, relating to 
such antigens could be used to induce an active immune 
response in human cancer patients. Such a response includes 
__ th <Uf>™a tl on of antibodies capable of activating human 

complement and mediating ADCC and by such mechanisms cause 
__£aunor destruction. 

ln..th. .«»n,ples which illustrate the methods of th. 

present invention four ! 9 G3 antibodies. „G-21. 2B2.IF-4 and 
MG-23, which are specific for a GD3 9 an 9 liosid. a„ti 9 .„ 
__.jHcpr.ssed by cells from human melanoma and one I 9 G2. 
-^vt-ibody. L6. which is specific for a oanolioside a„ti 9 .n 
•■expressed by cells from most human non-small cell lung 
carcinomas, breast carcinomas and colon carcinomas, can *ill 
thS '»ors in a short-term (2 or 4 hour 

Cr assay) . if either complement is provided in the form of ' 
human serum or effector cells are provided in the form -of 

.rb^h"^ lym ° h ° Cyt "> th "° '""bodies. HG-21, «G-23 and 
LS.both med.ate ADCC and complement -dependent cytotoxicity 
^A"" « «ith«r of two melanoma-associated protein 

c\\Tus'd P97 "* ' Pr ° te091 ^"' «• "Passed on the 

cells, used as tar 9 ets with anti-GD3 antibodies failed to 
produce either ADCC or complement dependent cytotoxic 
reactions. Antibodies to orotei,,' .a„ti 9 e„s on those- human 
to ! """""" " US " hiCh al « «P«ss the L 6 a„ti 9 en t aiied 

presence of mouse ,or human, lymphocytes was able to oe roy 
small transplants. of human melanoma in' nude mice, while 
.«t- i bod- 1 «- TO t-m ra mTn 9 ^^h^'^Si,r i ly tested could 
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not. Serum from patients with cancer, even with diseminated 
cancer, could serve as a source of con.ple.ent. Lymohocvtes 
from patients with metastatic cancer did not mediate ADC- 
but could be made to do so by exposure to T-cell "growth " 
5 factor. The combination of the right antibody (i gG 2a or 
IQG3) and the right antigen (cell surface glycolipid) can 
make possible an effective killing of tumor cell; th<s 
mechanism, as well as other mechanisms related to an 
antibody's ability to mediate ADCC or activate human 
10 complement, can be used as a basis for the development of 
human tumor therapy. 

4.2.1. TREATMENT OF MELANOMA 

V : . '"" " " F ° Ur l9G3 "tibodies, 2B2, IF4, MG-21 and MG-23 are 

J: /:.J- r ^:^pib«d that bind , tr0 ngly to a human melanoma-associated 

U- ?£!?. tl «5.- They mediate ADCC when combined with human 

effector cells, and two of the antibodies, MG-21 and MG-23, 
kill melanoma cells in the presence of human serum as a 
. S ° U K rCe ° f com e le *ent. Antibody 2B2, which gives ADCC also 

. ..... _^Lth.mouse effector cells, was found to inhibit the outgrowth 

.- - of a human melanoma in nude mice. Although most other 
. antitumor antibodies which have been described in the 

i „__^ t _:!* tUr# l3Ck these characteristics irrespective of their 

antigenic targets, an antibody to a proteoglycan antigen of 

25 Ac e L a T- CellS d6SCribed ^ SChUlt2 " a1 ' (1983 ' *°c Natl. 
Acad sex. USA 80: 5407-5411), has been reported to have an 

antitumor effect that appears similar to that of 2B2. 
- 51 r - Hl f Cytol * tic * c tivity was detected after 2 hours in 

JTJl i ! 8SSayS Wh6n hUman lyBpho ^ tM combined with 

_ Otibody and tested aga . nst cens expres£ing ^ 

the GD3 antigen; lymphocytes or antibodies alone were 
^effective. Significant ADCC could be .seen even at an" - 

cell I T ° f 10 n9/ml ^ WUh °" e ^Pnocyte per target 

ell The ADCC effect was antigen-specific, since cells 
lacking the GD3 antigen were not ^ killed and. .the .effect- could- . - 
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be competitively inhibited by addition of antigen-positive 
tumor cells. 

Antibody 2B2 gave significant ADCC also with mouse 
spleen lymphocytes as effectors, but antibody -IF4 did not. 
This provided an impetus to investigate the antitumor 
activity of the two antibodies in mice grafted with a human 
melanoma expressing high levels of the GD3 antigen. Antibodv 
2B2 effectively prevented tumor outgrowth in most of the 
treated mice, whereas antibody IF4 gave no tumor inhibition. 
However, we cannot conclude from the present data that the in 
vivo effect of antibody 2B2 operates via ADCC ; it could ~~ 
conceivably have other mechanisms, including direct antibody 
effects on tumor .c el Is (Dippold et al., 1983, Cancer Res. 44: 
806 ~? 10 J . an( ?.. macrophage activation. 

— Si-nc-e-antibody 2B2 could destroy small (1mm diameter) 
-tumor. implants -In -n-ude-mice and its ADCC activity was greater 
in the presence of human rather than mouse lymphocytes, one 
may speculate that it also might destroy small melanoma 
implants-Un.. .the form of micrometastases) in man. This', if 
truV r -m a y..hTv-e-..the-ra P eutic applications in patients who have 
deeply penetrating primary melanomas and, therefore, poor 
prognosis, studies on patients with advanced melanoma (as 
_no^any_c_hpse.n„fer_ pilot trials) are complicated by the fact 
that lymphocytes from most such patients do not give 
significant ADCC. However, an ADCC was detected when the 
lymphocytes from these patients were first exposed to T-ceH 
growth factor. 

Antibodies- 2*2,- IF4 and MG-21 are also described in 
Hellstrom et al., 1985, Proc. Natl. Acad. S ci. USA 82: 149«- 
1502 which. is incorporated by reference herein. The MG-21 
antibody is also described in copending U.S. application, 
filed concurrently herewith, having attorney docket number " 
5624-013, which is incorporated by reference herein. 
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4.2.2. TREATMENT OF CARCINOMA 
An IgG2a antibody, L6, is described that is highly 
specific for a ganglioside antigen expressed by cells from 
most human non-small cell lung carcinomas, breast carcinomas 
and colon carcinomas. The L6 antibody and the antigen it 
defines are described more fully in copending U.S. 
application Serial No. 684,759, filed December 21, 1984 and 
in Serial No. 776,321, filed October 18, 1985 which are each 
incorporated by reference herein. 

The L6 antibody can mediate ADCC of the tumor target 
cells in the presence of human lymphocytes or macrophages. 
..In_-addition, the L6 antibody can activate complement upon 
binding to the target tumor cell in the presence of human 
serum". Thus, the L6 antibody could be administered in vivo 
for"" the~therapy of lung, breast and/or colon carcinomas. 

5. PREPARATION OF MONOCLONAL ANTIBODIES 

-« . The subsections below describe how the antibodies used 

. in the examples which follow were prepared. 

The binding assays used to characterize the specificity 

of the antibodies were performed by using radiolabeled 

-arvtibodles (Brown et al., 1981, Proc . Natl. Acad. Sci. 78: 

539-543); cultured cells (10 6 ) were incubated at 4°C for 30 
6 125 

minutes with 10 cpm of I-labelled antibody in 100 yl of 
heat-inactivated (30 minutes at 56°C) fetal calf serum in 
culture medium. After the addition of 5 ml of PBS, the cells 
were— pelleted by centrif ugation for 10 minutes at 250 x g... 
The supernatant was aspirated and the pellet was assayed for 

r. To measure nonspecific binding, parallel incubations 
were performed with 10 vg of unlabeled antibody as a 
competitor (Brown et al., 1981, Proc. Natl. Acad. Sci. 78: 
539-543). In some instances binding assays were carried out 
in an analogous fashion on cell monolayers attached to 
plastic culture dishes. — - r - ^- 
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5.1. MONOCLONAL ANTIBODIES DIRECTED 
AGAINST MELANOMA GLYCOLIPIDS 

In order to prepare antibodies directed against tumor- 
associated glycolipid antigens of melanoma cells/ BALB/c mice 
were immunized with a melanoma cell line, SK-MEL-28, and 
their spleen cells subsequently were hybridized with NS-1 
cells. Hybridoma supernatants were screened tor binding to 
GD3 that had been isolated from melanoma tissue and attached 
to the surface of the wells of Falcon 3034 Microtest plates 
as previously described (Yeh et al., 1982, Int. J. Cancer 29: 
269-275). Irrelevant gangliosides were included as controls. 
Hybridomas 2B2 and IF4 were derived from one hybridization, 
and hybridoma MG-21, from a different one. MG-23 is an 
antibody that has characteristics similar to those of MG-21. 
They were cloned twice by limiting dilution; all make 
antibodies that are IgG3 according to gel diffusion. 

For comparison, two different antibodies, 96.5 and 48.7, 
were used. The former is an IgG2a antibody directed against 
p97, a melanoma associated glycoprotein of M r 97,000 (Woodbury 
et al., 1980, Proc-. Natl. Acad. Sci. USA 77: 2183-2186; Brown 
et al., 1981, J. Immunol. 127: 539-546), and the latter is an 
IgG2b antibody specific for a proteoglycan antigen expressed 
by most melanomas (Hellstrom et al., 1983, J. Immunol. 130: 
1467-1472). These antibodies have not, in previous 
experiments, given significant ADCC or inhibition of human 
melanomas in nude mice. 

Antibodies were affinity-purified on a column of 
staphylococcal protein A covalently linked to Sepharose CL-4B 
(Pharmacia) by elution with 0.1 M citrate buffer, pH 3.5 or 
4.5 (Brown et al., 1981, J. Immunol. 127: 539-546). 

.Antibody specificity for. melanoma was established by 
binding assays with cultured "cells , as published"" lor antibody 
4.2. (Yeh et al., 1982, Int. J. Cancer 29 : 269-275; Nudelman 
et al., 1982, J. Biol. Chem. 257: 12752-12756). Specificity 
w * s _ con * ^.^.? d _ PX _ A^unohi stolog ical __st ud i es on frozen : _ sect ion. 
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(Gar-igues et al . , 1982, Int. J. Cancer 29: 511-515), in 
which antibodies 2B2, IF4, and MG-21 stained samples from 
approximately 80% of metastatic melanomas, whereas norr.al 
tissues, including kidney and brain, were not stained; the 
specificity data for 232 have been published (Hellstrom et 
5 al., 1984, Contributions to Oncology Series: Genes and 

Antigens in Cancer Cells, eds. Riethmuller, G., Koprowski, 
«., Van Riiest, S. S Munk, K. (Karger, Basel), pp. 121-131. 

5.2. MONOCLONAL ANTIBODIES DIRECTED AGAINST 
10 5 NON-SMALL CF-LL LUNG CAR CINOMA GLYCOLIPID 

The L6 monoclonal antibody was prepared as previously 
described in co-pending U.S. Application Serial No. 684,759 
fUed December 21, 1984 and in co-pending U.S. Application 
.1 Serial No. 776,321 filed October 18, 1985 each of which is 
15 incorporated by reference herein. The preparation of 
monoclonal antibody L6 is described briefly below. 

Monoclonal antibodies were produced by immunizing 
three-month-old BALB/c mice with explanted cells from a human 
-- adenocarcinoma of the lung, 2981. The immunization was 
performed by injecting the mice intraperitoneal^ 4 times 
with approximately 10 7 cells. Three days after the last 
immunization, the spleens were removed, suspended in culture 
medium and fused with NS-1 mouse myeloma cells (Kohler ano 
Milstein, 1975, Nature 256: 495-497). The mixtures were 
seeded to form low density cultures originating from single 
fused cells (clones); the techniques used for the 
hybridization have been previously described by Yeh et al., 
(1982, Int. J. Cancer 29: 269-275). 

Supernatants from hybrid cells were screened by using 
both an ELISA assay and an autoradiographic indirect I- 
labeled protein A assay (Brown et al., 1979, J . Immunol • 
Meth. 31: 201-209) against extracts from the tumors used zor 
immunization which contained, inter alia, cell membranes. 
These extracts were prepared using a procedure modified trom 
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Colcher et al . (1981, Cancer Res* 41: 1451-1459; Yeh et al., 
1962, Int. J. Cancer 29: 269-275). To prepare the extracts 
tissues were washed and suspended with PBS; for intact tumors 
this was done by pressing through a stainless steel screen. 
5 After this, ImM NaHC0 3 containing 1 mM 

phenylmethylsulfonylf luoride ( Calbiochem-Behring Corp., San 
Diego, CA) was added, and the material was then homogenized 
on ice. After centr i f ugation for 15 minutes at 27,000 x g, 
the supernatant was removed, and the pellet was resuspenced 

10 in PBS, sonicated for 1 minute, and stored at -70 °C. 

Hybridomas which produced antibodies binding to the cell 
membrane extracts were cloned, expanded rn vitro , and further 
tested for antibody specificity.^ This testing was carried 
out by using an immunohistolog ical technique (Garrigues et 

15 al., 1982, Intv-J. earTc^r-,^9 : -511-51 5) , in which the ability 
of the antibodies -to bind- to- frozen -sections of lung 
carcinomas, other tumors and normal human tissues were 
tested. Those hybridomas which produced antibody of apparent 
specificity for human^-tmg---cancer were recloned,' expanded and 

20 injected into pristan"e-pri.med™tfiree-month old BALB/c mice, 
where they grew as ascites" tumors . 

Antibodies secreted into the ascites' were purified on 
protein A Sepharos e (Ey et al., 1979, Immunochemistry , 15: 
429-436) or by gel filtration in Sephacryl S-300. Purified 

25 antibodies were used for further characterization which 
included additional specificity tests by immunohistology , 
binding assays on intact cells to determine which antibodies 
bound to the cell surface, and by. radioimmunoprecipitation 
tests . 

30 Monoclonal antibody. L6 *wasr produced from the 

corresponding hybridoma as described above. 
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6 ' ASSAYS USED TO CHARAC TERIZE THE MONOCLONAL ANTIBODIES 

ISOTYPS DETERMINATION 
Two techniques were used to determine isotypes, 
Ouchterlony inununo-dif fusion and an assay carried out in 96- 
well plates. 

For Ouchterlony immunodiffusion, an aliquot of 
supernatant of particular hybridoma cells was placed into the 
center well of a 2% agar plate. Mono-specific rabbit anti-' 
mouse Ig isotypes antibodies (Meloy Lab, Springfield, VI) 
were placed in the outer wells and plate was incubated for 2 
hours at room temperature and overnight at 4°c. 

Flexible polyvinylchloride 96 well plates (Costar) were 
coated with 0.1 mg/ml goat anti-mouse Ig antibodies for 2 
hours at 37 »C and countercoated with a 3% BSA solution for 2 
-hours at 37»C. The hybridoma supernatant was then incubated 
at 37«C for 2 hours. After washing with PBS, bovine serum 
albumin (BSA) plates were incubated at 37»C for .2 hours with 
monospecific rabbit anti-mouse Ig isotype antibodies coupled 
to peroxidase (Zymed, South San Francisco, CA) . After 
washing, plates were incubated with 1 mg/ml 

orthophenylenediamine and 0.03% in 0.1 M citrate buffer 

pH 4.5. Optical density at a wavelength of 630 nm was 
determined on a Dynatec ELISA plate reader. 

6 '2- ANTIBODY-D EPENDENT CELLULAR CYTOTOXICITY ASSAY 
A short-term 51 Cr-release test was used to detect ADCC 
of target tumor cells (Cerrotini et al., 1974, Adv. Immunol. 
18: 67-132). Peripheral blood lymphocytes from five healthv 
human subjects were separated on Ficoll-Hypaque (Hellstrom et 
al., 1981,. mt. J. Cancer 27: 281-285) to provide ef fector- - 
.cells. and were prescreened for low (less than or equal to 
10%) natural killer cell reactivity against SK-MEL-28 cells; 
unless indicated otherwise the ratio of lymphocytes- to target 
cells was 100.: 1. Spleen lymphocytes from normal BALB/c mice 
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were also included in two tests. Target c lis (10 ) were 
labeled by incubation with 100 uCid Ci = 37 GBq) or 51 Cr for 2 
hours at 37°C, after which they were washed thre* times and 
resuspended in medium. The labeled cells were seeded (2 x 
5 10" cells per well in 20 vl) into Microtiter V-bottom plates 
(catalog no. 1-220-25X, Dynatech Laboratories, Alexandria, 
VA) . Purified antibody (100 ul per well) then was added, 
followed by 2 x 10 5 lymphocytes per well in 100 ul; 
experiments with lower numbers of lymphocytes per well and 

10 with lower antibody concentrations also were carried out. 

The mixtures were incubated for 2 or 4 hours (See Tables and 
text), after which the plates were centrifuged at 400 x g. 
The supernatants were removed- and the radioactivity in 100 Pi 
samples was measured with a ir-count er ; - The re were two 

15 replicates per group; the variation between replicates was 

always less than 10%. Spontaneous release was defined as the 
cpm released into the medium from target cells that were 
osmotically lysed at the end of the assay. Percent 
cytotoxicity was calculated as ./ _"/, I1__T__ 

20 experimental group release -"spontaneous release 

" x 100 

total release - spontaneous release 

6.2.1. ISOLATION OF LYMPHOCYTES AND 

CHARACTERIZATION OF EFFECTOR CELLS 

25 Two types of donors of human blood lymphocytes and sera 

were tested. First, we used healthy, adult human subjects, 
25-45 years of age. Second, we tested patients with 
melanoma. After the blood samples were drawn using 20 units 
heparin/ml of blood, lymphocytes were separated .on Ficoll- 

30 Hypaque (Hellstrom et al., 1981, Int. J . ' Cancer 27": 281-285). 

Most .tests were done on lymphocytes frozen in a mixture 
of 10% dimethyisulfoxide (DMSO), 20% "fetal calf serum and ' 
RPMI culture medium (Grand Island Biological Company, Grand 
Island , r NY) as previously described A Hellstrom et al., 1981, 
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Int. J. Cancer 27: 281-285) and were thawed at 37°C prior to 
testing. 

In order to characterize the effector cells f tests were 
performed in which lymphocyte preparations obtained by 
separation on Ficoll-Hypaque were incubated for 1 hour at 
37°C in plastic culture flasks to remove adherent cells, 
after which they were passed through a nylon wool column 
(Julius et al. f 1973, Eur. J. Immunol. 3: 645-649); the cell; 
in the column effluents were used as a source of effector 
cells. In other tests, the Ficoll-Hypaque-purif ied 
lymphocytes were incubated for 1 hour at 37 °C with a mixture 
of anti-Leu-llb antibody ( Becton-Dickinson, Mt. View, CA) at 
a concentration of 0.1— ug/10 6 lymphocytes and rabbit serum 
diluted 1 :.5 .( as a source.of complement); this was done in 
order "to aboTiTh'^^'btTvity" mediated by natural killer (NK) 
cells (Thomps'on 'efalTT 1982, "American Association for 
Clinical Histocomp. Testing, 8th Annual Meeting, p. A23). 

6.2.2. TREJJlKZ^T'OF LYMPHOCYTES WITH T-CELL GROWTH FACTOR 
Peripheral blood lymphocytes (10 6 /ml) were treated with 
T-cell growth-factor by incubating the lymphocytes in vitro 
for 5 days in the presence of 10% human T-cell growth factor 
(TGF, Cel4-ul-ar- Product s T — I-nc, Buffalo, NY) 20% human AB 
serum and 70% RPMI culture medium. 

6.2.3. TARGET CELLS 
Five different human melanoma lines from metastatic 
melanoma were used.- All" except one, M-2634, express_.high 
levels of the GD3 antigen according to binding assays, which 
were carried out as previously described (Yeh et al., 1982, 
Int. J. Cancer. 29: 269-27.5; Nudelman et al., 1982 # J . Biol. 
Chem. 257: 12752-12756). Four of the lines,- SK-MEL-28 
(Woodbury et al., 1980, Proc . Natl. Acad. Sci. USA 77, 2183- 
2186), M-2669 clone 13, M-2634, and M-2765, were propagated 
- in vitro . .- The fifth line , M-2586 , f a i 1 ed - ta g ro w- in vitro - 
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and so «„ serially transplanted in „ ud e nice , „ w u 
better than any o£ the other Unes . Human l una ( bronchia^ v 
carcinoma C92 7 was used as a control for antibody 

specificity. Jtdoes not .express detectable GD3anti S en. 

of , T-l rf .° r - rele " e also was used to test the abiUtv 

of antibodies to Kill melanoma ceUs in th. presence of 
serum as a source of cogent. It was carried out 
,0 Similarly to the assays for ADCC. except that 100 „1 of 

undiluted unh.ated human-serum was added per microtest wen 

derived from normal human subjects. 

15 6 * 4 * TEST OF ANTTBQDY ACTTVTTV tu „ Tyn 

Athymic nude (nu/nu) two- to three-month-old male mice" ' 
. . were obtained from Charles River Breeding Laboratories I nd 
housed ln filter-top cages (f ive mice per cage) pi a d " 
condominium units. 

•xpresse: ™ 

25 l ;i - 5 J : lc c : nce ; r """^ ^.—i ,„„ 

25 ^ seo s mice. This represented 10 "sites," since th* 

On the day after crafting ,„d on each third day 
thereafter, the mice were injected via the tail vein with , 
30 » ° f "tib-ly i" Phosphate-buffered saline, this dose was 
chosen to provide excess antibody i„ the treated mice 
separate croups received antibody 2,2, lrt ..„ 'o . 
combination of the three- .-h^ , 

one-third c * th !' 9r ° UP inj6Cted with 

antibo^ • ° £ antibo ^y- A total of six 

35 antibody injections were given a r , w * - - X 

• e given, at 3rday intervals. The 
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control group was injected with equivalent volumes of culture 
medium at the same times. 

The mice were inspected three times weekly over a period 
of 6 months, by the end of the 6 months, all the control 
mice had died from tumor. At each inspection, .two 
perpendicular diameters of each palpable tumor were measured, 
and mean tumor diameters (+SE) were calculated; a tumor is 
considered palpable herein when its mean diameter is greater 
than or equal to 2 mm. The data are presented as number of 
sites with palpable tumor per group out of the total number 
of sites injected. 

7. MONOCLONAL ANTIBODY MG-21 
Rybridoma MG-21 was .derived from oner-hybridization of 
mouse spleen cells from mice immunized with the human 
melanoma cell line SK-MEL-28 as* described" in "section 5.1. 
The monoclonal antibody MG-21" is " an "lg*G3 '""ant ibody directed 
against the GD3 antigen of human melanoma. The following 
subsections describe the results of various assays which 
demonstrate the ability of antibo dy MG~^21 to induce ADCC 
and/or complement mediated killing of.rmelanoma cells. MG-23 
has characteristics similar to that of MG-21. 

7 «1- ANTIBODY DEPENDENT €£-Li7ULAR--CYT0T0yTCITY ASSAY 
In the first set of experiments the M-2669 cell line, 
which are human melanoma cells expressing more than 100,000 
molecules per cell of GD3 ganglioside antigen, were incubated 
with purified MG-21 and peripheral blood lymphocytes from a 
normal human subject. The data presented In Table I indicate 
that significant killing of the melanoma target cells was 
observed. in fact, significant, killing of the melanoma 
target cells was observed even at a small antibody 
concentration (1 ug/ral) and a low lymphocyte to target cell 
ratio (10:1). By contrast, lymphocytes alone, the MG-21 
antibody alone, or lymphocytes incubated with either -antibody 
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15 



20 



30 



96.5 which is directed against p97, a tumor-associated 
protein antigen, and antibody 48*7 directed against a 
proteoglycan also expressed strongly by the same melanoma 
cells, did not cause significant release of isotope. 



TABLE I 

ADCC against M-2669 Melanoma Cells as Targets 
With Human Lymphocytes Combined with Antibody 
HG-21 or Control Antibodies 96.5 and 48.7 

% Cytotoxicity of M-2669 Target Cells 

RATIO MG-21 . . 96.5 48.7 

Human Lymphocytes . . ( vg/ml) ( vg/ml) ( uq/ml) 

Per Taroet Cell ' '10 1 10 10 

100 ~~ " 82. 76 0 0 

~"l0 ~~ 64 _ 52 ND ND 

1 14 13 ND " ND 



CytotoxTcify was determined in 4-hr Cr-release assay. 
Antibodies -a-irorre— gave -no cytotoxicity and lymphocytes alone 
gave less than 7 or equal to 5% cytotoxicity. 

ND, ■ not done . 



The results in Table II show that incubation of the 
2 5 lymphocytes from normal subjects with anti-Leu-llb antibody 
and complement abolished the ability of the lymphocytes to 
lyse the target cells ( i.e. , to mediate ADCC) in the presence 
of MG-21. This~indicates that the lymphocytes had the 
characteristics of natural killer (NK) cells (Thompson, et 
al . , 1982, Am. Assoc . for Clinical Histocompatibility 
Testing, 8th Annual- Meeting, p. A23) . 
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TABLE II 



Inhibition of ADCC against M-2669 Melanoma Cells 

by Incubation of Lymphocytes from a Normal 
Subject with Anti-Leu-llb Antibody and Complement 

% Cytolysis * 

Treatment of Lymphocytes Lymphocytes + MG-21 

Lvmphocvtes alone (10 ug/ml) 

None 

(culture medium) 3 24 

Complement 3 22 

Anti-Leu-llb and 

Complement 2 2 



15 



* 10- lymphocytes per target cell 



In view of the interest in developing therapy for human 
:t..":. cancer, the next step was to investigate whether lymphocytes 
"20 frorn patients with disseminated metastases could serve as 

effector cells in the ADCC assays, since these patients would 
most likely be the first candidates for therapeutic trials. 

As--shown in Table III, lymphocytes from such patients failed 

to mediate significant ADCC. However, significant killing by 
25 lymphocytes alone and an even greater killing by lymphocytes 
and MG-21 antibody was observed, if the lymphocytes were 
first incubated with a preparation containing a T-cell growth 
- -factor for 5 days; see Table IV. 

• 30 " ' 
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TABLE III 



10 



15 



ADCC against H-2669 Melanoma Cells and 
Lymphocytis from Normal Subjects or H«lanom» 
LW p. + T..nt s Combined With Antibocv MG-21 



Human 

Lymphocyte 

Donor 

Normal Subjects 
N-l 
N-3 



Stage IV Melanoma 
M-3 
M-5 

Stage I Melanoma 
M-2 



% Cytotoxicity of M-?fi69 Taroet Cells 



No Antibody 



6 
6 



4 
3 



-0 



MG-21 



51 
55 



2 
7 



..3i._ 



100 effector cells ( lymphocytes) /target cell -< -H-2669*- .nd-50 
yg/ml MG-21. 



-25- 



U ^ O *+ I 4. £. 



10 



15 



TABLE IV 

a mr'r anainst M-2669 Melanoma Cells and 
NK Activity and T ADC K C a , a e g /\ n _ S vi t ro > with T-Cell Growth 
Lymphocytes ^g^f ^* V ££r to Combining them 
FaCt ° r !ir 2 nMr g - — - ^roet Cells 



% Cytotoxicity of 
m- o&fiQ Target Cells 



Lymphocytes 



Donor 



Ratio 
to 

Target Cell 



Stage IV 
Prostate 
Carcinoma 

Stage I" 

Breast 

Carcinoma 



10 



10 



MG-21 
( vo/ml) 

0 

10 
0 

10 

0 " 
10 



T-vmohocvtes 


Un- 


TCGF 


Treated 


Treated 


0 


20 


6 


36 


2 


68 


25 


8.5 


2 


29 


11 


55 



20 



25 



30 



1 ~ nirr uc M T. M rnTmD CYTOTOXIC ITY ASSAY 
The cytotoxicity of antibody MG-21 to GD3-positive 
melanoma, cells in the presence of human serum » * ° 4 . 

complement was determined using a 4-hr Cr-release 
.Hilar to the ADCC assay but adding undiluted unheated human 

,um instead of lymphocytes. As shown in Tables V an V 
antibody MG-21 gave a strong cytotoxic effect xn the pr sence 
of human serum. Heat inactivation (56-C for 30 m.nutes) ot 
the human seru* abolished its effect. - ^ „ 

The results in Table V demonstrate that up to 100%_ o- 
the target cells were lysed when antibody MG-21 and human.. .. 
tne target . Antibo dv MG-21 alone and human serum 

serum were both added. Antiboay 
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15 



20 



alone had no cytolytic effect on the melanoma cell a • 
-activate the comment aholishe* the ~ ijtu ^lect . 




SK-MEL-28 



r , HG-21 
Complement ( up/ml) 



+++ 



M-2669 

M-2765 
H-3021 
H-2722 



+++ 



+++ 



Inactive 
Active 

Active 



50 

50 
10 
1 



Active 
Active. 
Active 



50 
"10 

..1 

50 
10 



-50- 

50 
10 



Cytotoxic; r w 

0 

30 
2 
0 

..-.100 

58 

._ 2 -_ 

100 
77 

0 
0 

1 
3 



25 



express detectaMe -oUnS"^.™^^ io 



=o the h- 266 : r p97 01 T ns that are - s5ron9iy 

presence of co„ple,„e„t . '. " targef cell" in th e 
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TABLE VI 

Complement Mediated Lysis of M-2669 Target 
Cells by MG-21 Directed* Against GD3 Melanoma 
Antigen as Compared to that of Antibodies Directed 
Against Melanoma-Associated Protein Antigens 

% Complement Dependent Lysis 
of M-2669 Target Cells 

Antibody Concentration (vo/ml) 
Antibody 50 10 

MG-21 64 24 

96.5 3 2 

48.7 1 7 

Antibody 96.5 is specific for p97 a melanoma-associated 
glycoprotein antigen. and antibody 48.7 defines a melanoma- 
associated proteoglycan antigen; both of which are also 
strongly expressed on the surface of M-2669 target cells. 



In view of the interest in developing therapy for human 
cancer, the next step was to investigate whether serum from 
patients with disseminated metastases could serve as an 
adequate source of complement with antibody MG-21. The 
results in Table VII demonstrate that the complement 
dependent cytotoxicity of MG-21 was even slightly greater 
with serum derived from a patient with Stage IV melanoma than 
with serum from a normal subject. 



0234122 

28- 



10 



TA5LE VII 




Normal 

Stage IV 
Melanoma 
M-7 



83 



64 



observed when antibody ot s" ^alone^e'^'^ — .. 



8 * MONOCLONAL ANTIBODV ?n-> 



u , p en ce -»-ls from mice immunized w*th th* 

h»- ™ =en u K SMEWl ls described n "; > 

and to destroy s,»»U tu„or i„ p l ant s i„ nude nice . 
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subject or from mice. The data presented in Table VIII 
indicates that significant killing was observed. 



TABLE VIII 

ADCC Against Tumor Cells as Targets and 
Lvmohocvtes Combined With Anti-GD3 Antibody 232 



Target 
Cell 



Lvmphocvtes 



% 



Donor No. /Target Cell Antibody( uq/ml) Cytotoxicity 



10 



SK-MEL-28 Human 
(GD3+) 



M-2'669" 
(GD3+) 



Mouse 



Human 



20 



CH27 
(GD3-) 



Human 



25 



100 



0 

100 
100 
0 

100 
100 
10 



100 
100 

100 



2B2 



48.7 
2B2 

IF4 
2B2 



96.5 
48.7 

2B2 



10.0 
1.0 
0.1 
0.01 
0 

10.0 
10.0 

10.0 
0 

10.0 
10.0 

10.0 
1.0 

10.0 
1.0 

10.0 
1.0 

10.0 

10.0 

10.0 
0 

10.0 

51, 



37 
31 
20 
8 
5 
0 
0 

21 
1 
1 
4 

68 
50 
40 
17 
13 
7 
0 
0 

0 
0 
0 



Cytotoxicity was determined in 3-hr Cr-release assay, 
except for assays. in which M-2669 was the target cell in 
which case cytotoxicity was determined in 4-hr incubations. 
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By contrast, the lymphocytes alone, the 2B2 antibody 
alone or lymphocytes incubated with either antibody 96.5 
which is directed against p97, a tumor-associated 
glycoprotein antigen and antibody 48.7 directed against a 
proteoglycan also expressed strongly by the same melanoma 
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cells and did not cause significant release o: isotope. 
Antibody 2B2 and lymphocytes had no eftect on target cells 
from a control tumor, CH27, which does not express the GD3 
antigen. Antibody 2B2 also gave significant- ADCC with mouse 
5 spleen lymphocytes as effectors, but antibody IF4 did not. 

The ADCC activity of antibody 2B2 was evaluated in the 
presence of lymphocytes from five different normal donors. 
As shown in Table IX, effector cells from each of the donors 
0 gave strong ADCC. 



TABLE IX 



„ 1ADCC Against M-2669 Cells as Targets and Lymphocytes 

15 " :r from Normal Subjects Combined with Antibody 2B2 

Normal 

Human Cytotoxicity of M-2669 Target Cells 

Lymphocyte Ratio of Lvmohocvte tTaroet Cell 
Donor 



-20 - 



25 



A 
B 
C 
D 
E 



100:1 


10:1 


82 


50 


55 


26 


64 


ND 


85 


ND 


88 


ND 



Cytotoxicity was determined in a 4-hr Cr-release 
assay. Antibody alone gave no cytotoxicity and lymphocytes 
alone. gave less" than or equal to 5% cytotoxicity. ND, not 
done 



30 



- * — It-was also- investigated whether lymphocytes from 
patients with disseminated metastases could serve as ettector 
cells in the ADCC assay with antibody 2B2. 
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As shown in Table X. lymphocytes from such patients failed to 
mediate ADCC. These data are similar to those given in Table 
III for MG-21. 



TABLE X 

ADCC Against M-2669 Cells as Targets and Lymphocytes 

from Normal Subjects of Melanoma Patients 
When Combined With Antibody 2B2 

Hunan % Cytotoxicity of M- 2669 Target Cells 

so Antibody 2S2 



20 



25 



30 



Normal Subjects 
N-l 
N-3 



6 34 
6 38 



15 Stage IV Melanoma 

M-3 " 4 "" 3 



M-5 



"3" . 5 



Stage I Melanoma 

M-2 0 15 

100 effector cell s ( lymphocytes) /target cell (M-2669) 

and 50 pg/ml. 2B2. • -- ■-' : — - 



8.2. COMPLEMENT-MEDIATED- CY TOTOXICITY ASSAY 
The cytotoxicity of GD3-positive melanoma in the 
presence of human serum as a source of complement was 
determined using a 4-hour 51 Cr-release assay similar to the 
ADCC assay but adding undiluted unheated human serum instead 
of lymphocytes. Unlike antibody -HG-21 , antibody 2B2 gave no 
effect. 
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B 3 &HTTTUMOR m r"' 1.--TTEODY 2B2 is vivo 
«. tested whether antibodie. 2B2 or IF4 had any 
antitumor effect In vivo- «>... antibodies war, *hb.en 
b e use 2B2 but not „. gave AOCC with mouse 
(s ee Table VIII). "elanoma M-2586 was used as a t.rg.t. 
since it grows extremely well in nude -ice. expresses the GD3 

b . US ed as . ^ ----- - : - H : 

can competitively inhibit ADCC against SX-Htl. 28 cells. H 
J5 86 was grafted onto both flanks or nude »«.. »no the mice 
"re injected with a dose of antibody expected to give a 
b lood concentration exceeding that needed for ADCC in vivo. 
A „ti-P97 antibody 96.5 was tested in parallel, as was a 
...combination of all three antibodies (same total antibooy 

concentration). ^^^i*, 
.,.^. Aom i„ Table XI. antibody 2B2 almost completely _ 
.. supr«sed. the-. outgrowth of melanoma grafts, with only 1 ot 10 
injected sites having a detectable tumor four months after 
or fting. as compared to X. of 20 sites in the control • Th 
;mall impxanted. tumor pieces thus had been rejec ed all 
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riWr. the 2B2 group except for one. Six months after 
drafting, 4 mice in the 2B2 group survived, tumor-fre. , but 
all the controls were dead with large (greater than 15-mm 
diameter) tumors. Neither antibody 96.5 nor antlbooy 
'inhabited tumor outgrowth. The group receding a combination 
of antibodies 2B2. IF4. and 96.5 also showed inhibition, with 
3 of 10 sites developing progressively growing tumors. 

The inhibition mediated by antibody 2B2 was 
statistically significant from 2 month, after tumor, were 
Planted whether the comparison with the control group was 
-mace- on the basis of the number of sites with tumor using a 
Fischer table (P less than 0.001). or on the basis of mean 
t™cr diameters, "using Student's t test (P le.s..than 0 .001 . .. 
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TA3LE XI ... 

Antibody 2B2 Inhibits Outgrowth 
of Human Melanoma in Nude Mice 

Sites with tumor/total 
number or sites 





Treatment 


2 months 

aiter 
transplant 


4 months 

atter 
transDiant* 


10 


Control (culture medium) 


18/20 


19/20 




Antibody 2B2 (anti-GD3) 


1/10 


1/10 




Antibody -IF4 (anti-GD3) 


8/10 


10/10 


15- 


. Antibody '96.5 . ( ant ij;p97 ) 


9/10 


10/10 




-Combination- (-232, -IF.4,-and 96.5) 


3/10 


3/10 



A 1 x 1 mm tumor piece (human melanoma M-2586) was* 
grafted on each flank of nude mice. The next day and at five 
subseq uent times, at 3-day intervals, they were injected 
. intravenously with 1 mg of antibody. There were 5 mice (10 
20 sites) "pSTTljroup' except for the control, which had 10 mice 
(20 sites").". 

*A11 mice were dead at 6 months after transplantation 
except for A of the 5 mice who received antibody 2B2 and 2 of 
the 5 mice who received the combination; these mice were ail 
-a liv e and-tumor~£ree • 
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9. MONOCLONAL ANTIBODY L6 
Hybridoma L6 was derived from one hybridization of 
spleen cells from mice immunized with a human adenocarcimona 
of the lung, 2981 as described in Section 5.2. The 
monoclonal antibody T L6 is an IgG2a antibody directed against 
a ganglipside antigen expressed in large amounts at the 
"surface of cells from non-small cell lung carcinoma and 
certain other tumors. The following subsections describe the 
results of various assays that demonstrate the ability of 
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antibody L6 to induce antibody dependent cellular 
cytotoxicity and/or complement mediated killing of iung 
carcinoma cells expressing large amounts of the L6 
ganglioside antigen. 

5 

9.1. ANTIBODY DEPENDENT CELLULAR CYTOTOXICITY ASSAY 
The L6 antibody when combined with human lymphocytes 
mediates ADCC of target cells expressing large amounts of the 
L6 ganglioside antigen (above 100,000 molecules per cell), 
10 while target cells expressing little L6 antigen were not 

killed; see Table XII. Among the cell lines expressing much 
L6 antigen, cell line 2981 was a more sensitive target than 
line CH27. The effector cells were found to express the 
_ ..Leu-Lib .antigen, and therefore, are similar to the cells 
115 .mediating ..ADCC of melanoma in the presence of MG-21 . by 
^-- ; =cohtfast", - antibodies directed to three protein antigens 
-- - expres-sed-by-the target cell line 2981 could not mediate 
ADCC. 
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TABLE XII 

.nrr »f Antibo^ T.fi as Assav .n g a inst Difi.r.nt .Taroct Cei.s 

% Cytotoxicity or Target 
Human Cells with L6 Antibody 
uq/ml 



10 



15 



20 



25 



Target 
Cell 

CH27 
(L6+) 



2981 
(L6+) 



2964 
(L6-) 



Lymphocytes 
No. /Target Cell 

100 

0 

100 
10 
1 

100 



0 

10 
ND 
ND 
13 
2 
2 



10 
40 
ND 
66-84* 
37 
10 

13""" 



50 
46 
0 
ND 
44 
10 
12 



which had the following toxicity values: 66, 74, 76, 83, .84. 
ND, no data . 



9 .2. COMPLEMENT-MEDIATED CY TOTOXICITY ASSAY 
The experiment in Table XIII demonstrates that antibody 
L6, in the presence of human serum as a source of complement, 
can lyse tumor cells expressing the L6 ganglioside antigen 
but not cells lacking the antigen; the latter cells, which 
were GD3 positive, were lysed by complement activated by the 
antibody MG-21 thus demonstrating that the complement useo i. 
the assay was not inactivated. 



30 
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TABLE XIII 



10 



15 



20 



Cytotoxicity Activity or Antibody L6 In the Presence 
of unheated Human Serum as a Sou rce of Complement. 

Tarcet Cells Taroet Cell Treatment % Complement 

* Antigen Dependent 

Expressed Complement Antibody (»g/ml ) Cytotoxicity 

L6 




2669 GD3 



+ 


L6 


50 


54 






10 


43 






1 


1 






0 


3 


0 




50 


1 






10 


3 






0 


0 


+ 


L6 


so- 


•• ■-: 0— 






io . 


... :0. 






0-- 


■•- — rrriQfc- 


+ 


MG-21 


-50 — 


.79- 






10 


67 


0 




50 


0 






0 


0 - 



25 



Antibodies to three protein antigens expressed by the 
target cell line 2981 which was used in the expe riments in 
Table XIII could not activate complement-dependent 
cytotoxicity; see Table XIV. 
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TABLE XIV 

Comparison of Complement-Dependent 
Cytotoxicity of Several Antibodies Capable 
5 of Binding to Lung Carcimona Celi Line 2981 

% Complement Dependent 
ffoug/ml) cytotoxicity of 2981 

L6 34 

10 L3 3 

L5* 6 

• L18 5 



15 



None 1 
Antibodies L3, L5 and LIB are directed against protein 



antigens expressed by 2981 cells. 
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10. DEPOSIT OF CELL LINES 
The following cell lines have been deposited with the 
ATCC, Rockville MD, and have been assigned the following 
accession numbers: 



Cell Line Accession Number 

MG-21 HB 9011 

L6 HB 8677 

The present invention has been described in detail with 
particular reference to the above embodiments. It will be 
understood, however, that the present invention is not to be 
30 limited in scope by the embodiments disclosed or ceil lines 
deposited which are intended as illustrations pt aspects ot 

the invention. 

Indeed, various modifications of the invention in 
addition to those shown and described herein will become 
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apparent to those skilled in the art from the foregoing 
description. Such modifications are intended to fall within 
the scope of the appended claims. 



5 



10 




CLAIMS: 
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1. An antibody for treatment of a tumor which conprises a 
purified or partially purified antibody molecule which is directed 
against a glycolipid antigen expressed by a tumor and which conprises 
an imnunoglobulin subclass that upon completing with the glycolipid 

5 tumor-associated antigen activates serum complement or mediates 
antibody dependent cellular cytotoxicity so that the cells of the 
tumor are killed. 

2. An antibody according to claim 1 in which the antibody 
10 comprises a monoclonal antibody. 

3. An antibody according to claim 1 or 2 in which the antibody 
comprises an IgM imnunoglobulin. 

15 4. An antibody according to claim 1 or 2 in which the antibody.:, 
comprises an IgG imnunoglobulin. : 

5. An antibody according to claim 1 or 2 in which the antibody 
comprises an IgGl immunoglobulin. 

20 

6. An antibody according to claim 1 or 2 in which the antibody 
comprises an IgG3 immunoglobulin. 

7. An antibody according to claim 6 in which the antibody 
25 comprises M3-21 which is specific for GD3 ganglioside antigen 

expressed by human melanoma cells. 

8.. An antibody according to claim 1 or 2 in which the antibody 
conprises an IgG2a immunoglobulin. 

30 . . .;. ... "." . . .— 

-" : 9. An antibody according to claim 8 in which the antibody ■ — 
comprises L6 which is specific for a ganglioside antigen expressed by 
.... , human non-small cell lung carcinoma cells. ... r _ .... - • - • ' 



- 40 - 

0234122 

10. An antibody according to claim 1 for treating a human 
melanara comprising an effectiv dose of an IgG3 antibody molecule 
which is directed against a GD3 glycolipid antigen expressed by the 
melanora and which upon conplexing with the GD3 antigen activates 

5 serum complement or mediates antibody dependent cellular cytotoxicity 
so that the cells of the tumor are killed. 

11. An antibody according to claim 1 for treating a human gliona 
comprising an effective dose of an IgG3 antibody molecule which is 

10 directed against a GD3 glycolipid antigen expressed by the glioma and 
which upon conplexing with the GD3 antigen activates serum complement 
or mediates antibody dependent cellular cytotoxicity so that the cells 
of the tumor are killed. 



15 12. An antibody according to either of claims 10 and 1-1- in -which ^ — 1 - 

the antibody comprises MG-21. 

13. A method of producing an antibody for treatment of a tumor 
comprising identifying an antibody molecule which is directed r against~ - 

20 a glycolipid antigen expressed by a tumor and which - comprises an_^. ~T 
immunoglobulin subclass that upon conplexing with the glycolipid'" 
tumor-associated antigen activates serum complement or mediates-' - 

antibody dependent cellular cytotoxicity so that the cells-of— the 

tumor are killed and isolating said antibody from the tissues or 

25 cellular materials in which the antibody is produced. 

14. A method according to claim 13 wherein cell hybrids are ... . 
formed to produce monoclonal antibodies . 

30 15; Use of an antibody as defined in claim 1 for the 
."Preparation of "a tumor treatment agent. " ... i_. ~TT 



CLAIMS: 
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1. A method for producing an antibody for treatjnent of a tumor 
comprising identifying an antibody molecule which is directed against 
a glycolipid antigen ejqpressed by the tumor and which conprises an 
-inuiunoglobulin subclass that upon conplexing with the glycolipid 
tumor-associated antigen activates serum conplement or mediates 
antibody dependent cellular cytotoxicity (so that the cells of the 

5 tumor are killed) and isolating said antibody from tissues or cellular 
material in which the antibody is produced. 

2. A method according to claim 1 wherein cell hybrids are forred 
to produced monoclonal antibodys. 

3. A method according to either of claims 1 and 2 in which the 
antibody produced conprises a monoclonal antibody. 

10" 

4. A method according to any one of claims 1 to 3 in which the 

antibody produced conprises an IgM inuiunoglobulin. 

15 5. A method according to any one of claims 1 to 3 in which the 

* antibody produced conprises an IgG" inuiunoglobulin. 

6* A method according to any one of claims 1 to 3 in which the 
- antibody produced conprises a IgGl imnunoglobulin. 
20 

7. A method according to any one of claims. 1 to 3 -in which the 
antibody produced conprises an JgG3 imnunoglobulin. 

8. A method according to claim 7 in which the antibody produced 
"^conprises MG-21 which is specific for a GD3 ganglioside antigen 

25 expressed by human. melanoma- cells. 



9. A method according to any one of claims 1 to 3 in which the 
^tibody produced conprises an Ic£2a imnunoglobulin. ,- - . . . - 
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10, A method according to claim 9 in which the antibody produced 
coiprises L6 which is specific for a ganglioside antigen expressed by 
human non-small cell lung carcinoma cells. 

5 11. A method according to either of claims 1 and 2 wherein the 

antibody produced is for treating a human melanoma and conprises 
an IgG3 antibody molecule which is directed against a GD3 glycolipid 
antigen expressed by the melanoma and which upon oonplexing with the 
GD3 antigen activates serum complement or mediates antibody dependent 
10 cellular cytotoxicity. 



12. A method according to either of claims 1 and 2 wherein the 
antibody produced is for treating a human glioma and comprises an IgG3 
antibody molecule which is directed against a GD3 glycolipid antigen 
15 expressed by the glioma and which upon complexing with tfie"GD3 antigen - V 
activates serum conplement or mediates antibody dependent- 1 cellul ar - ~ 
cytotoxicity. 



13. A method according to either of claims 11 and 12 in which the 
20 antibody produced conprises M3-21. : 



14. Use of an antibody as defined in claim 1 for the 
preparation of a tumor treatment agent. 



